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Kt/V is small in stable hemodialysis patients. Nevertheless, theAssessing dialysis adequacy and dietary intake in the individual
averaged value of two to three measurements is required tohemodialysis patient.
assess the dose of dialysis reliably. Assessment of dietary intakeBackground. Urea kinetic modeling (UKM) and food re-
requires at least three PCR measurements or food records forcords are widely used to assess the dialysis adequacy. Clinicians
at least one week. Basing clinical decisions on a single dialysisuse these methods in individual patients to decide whether the
adequacy assessment is an unjustified practice that should bedialysis prescription should be adjusted. We determined the
abandoned.variation in UKM parameters and dietary intake within individ-
ual patients in order to determine the required number of
UKM measurements, and the number of food recording days
to assess dialysis adequacy and dietary intake reliably.
Assessment of dialysis adequacy and dietary intakeMethods. Session-to-session variation in urea reduction ra-
has become an important issue because extensive evi-tio (URR), Kt/V, urea distribution volume (UDVDDQ), and
protein catabolic rate (PCR) was determined during three mid- dence has accumulated that the outcome of hemodialysis
week dialysis sessions in 50 stable hemodialysis patients on depends on the adequacy of the dialysis treatment and
three-times per week hemodialysis with a Kt/V of 0.98 6 0.13 nutritional status of the patient [1–5]. To date, the most(mean 6 sd). The dialysis prescription was kept constant. The
widely used method in the assessment of dialysis ade-day-to-day variation in dietary protein intake (DPI) and dietary
quacy is urea kinetic modeling (UKM). With UKM theenergy intake (DEI) was determined from seven-day food re-
cords. The 90th percentile value of the coefficient of variation dose of dialysis (Kt/V) can be quantitated, and the pro-
(CV) was used to determine the number of measurements. tein catabolic rate (PCR) can be determined, which, un-
Results. The variation in URR [CV, 2.4% (0.3 to 9.5) median der steady-state conditions, is an estimate of the patients(range)] and in Kt/V [CV, 4.0% (0.6 to 11.6)] was small in the
dietary protein intake (DPI). Because clinicians basemajority of the patients. The variation in UDVDDQ [CV, 4.9%
their therapeutic decisions on the results of these meth-(0.3 to 25.7)] and PCR [CV, 9.3% (0.8 to 28.5)] was considerably
larger. The variation in DPI [CV, 17.3% (8.4 to 64.0)] was ods, the results should be reliable. The reliability of
larger than that in DEI [CV, 12.9% (5.0 to 33.0)]. To assess UKM methods has primarily been studied by comparing
the URR within 610% of its true value, the average of two
the accuracy of different methods in groups of patientsmeasurements was required. Reliable assessment of Kt/V re-
[6–11]. Recently, the National Kidney Foundation pro-quired three measurements. URR and Kt/V could be assessed
reliably from a single measurement in 86 and 66% of the patients, vided guidelines for assessing hemodialysis adequacy
but we were not able to distinguish these patients beforehand. (NKF-DOQI Clinical Practice Guidelines) [12]. In the
Reliable estimation of UDVDDQ required six measurements. The individual patient, the reliability of UKM methods also
required number of measurements for PCR, DPI, and DEI
depends on the session-to-session variation within pa-was determined using a precision of 6 20%. To assess PCR
tients, but this was not considered in the DOQI guide-reliably, three measurements were needed. Estimation of DPI
and DEI required seven and five food recording days, respec- lines. Until now, only a few studies in a small number
tively. of patients have addressed the session-to-session varia-
Conclusions. The session-to-session variation in URR and tion of UKM methods [8–11, 13]. Analysis of this type
of variation is important, as it determines the number
of modeled sessions that are required to estimate UKMKey words: urea kinetic modeling, dietary protein, Kt/V, protein cata-
bolic rate. parameters with a specified level of precision [14].
Dietary intake of a patient can be estimated fromReceived for publication February 27, 1997
dietary diaries [14, 15]. Moreover, recording of food in-and in revised form September 15, 1998
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tice. However, the optimal number of recording days the final analysis. The dialysis prescription was carefully
checked before, during, and at the end of the three mod-that is required to estimate DPI and DEI reliably in
hemodialysis patients is not known because the day-to- eled dialysis sessions by the same investigator (W.D.K.).
The flow output of the blood pump, as displayed on theday variation in dietary intake has not been studied in
these patients. dialysis monitors, was taken as the blood flow rate. Blood
flow rate was set on the same value during all threeThe purpose of this study was to determine the session-
to-session variation of urea kinetic parameters obtained dialysis sessions. Dialysis duration was defined as the
time between the start of the dialysis and stopping thefrom routinely used and validated UKM methods in order
to determine the total number of measurements that is blood flow at the end of dialysis. We aimed at an actual
dialysis duration 6 three minutes of the dialysis prescrip-required for reliably assessing hemodialysis adequacy in
individual patients. In addition, the day-to-day variation tion. Each individual patient was dialyzed on only one
type of dialysis machine. A new dialyzer was used forof DPI and DEI was determined using dietary diaries
to obtain the optimal number of food recording days. each treatment. Each individual patient was dialyzed
using only one type of tubing set and fistula needle. Body
weight was measured within 0.1 kg before and after the
METHODS
dialysis. Blood samples were drawn immediately before
Patients and dialysis treatment starting and 15 minutes after the termination of the mod-
eled dialysis session and before the next dialysis session.All patients participated in a Dutch long-term, prospec-
tive multicenter study on dialysis efficiency and protein Continuous partial dialysate sampling was performed
during all three dialysis sessions. Patients with residualintake. Patients were recruited from five dialysis centers
in the Netherlands (Dialysis Center Groningen, Martini renal function were instructed to collect 24-hour urine
just before dialysis.Hospital Groningen, Home Dialysis Center Utrecht,
University Hospital Utrecht, and Scheper Hospital Em- To determine the day-to-day variation in DPI and
DEI, the patients recorded their food intake duringmen). Patients had to be treated by hemodialysis three
times weekly for at least three months, and they had to seven consecutive days half-way through the study pe-
riod, starting on the day before the second modeledhave a low residual renal clearance (ClR; less than 3 ml/
min). They had to be in a stable clinical condition without dialysis session. The patients were encouraged not to
change their usual dietary habits, and were assured thathospitalizations in the three months prior to the start of
the study. Patients with diabetes mellitus, active systemic the dietary record was not meant to check their adher-
ence to the prescribed diet. The recorded intake wasdiseases, or known malignancies were excluded.
After giving informed consent, 62 patients entered the then analyzed by a skilled dietitian.
study protocol. Three types of single-pass dialysis ma-
Sampling and laboratory analysischines (Gambro AK-10 and AK-100 and Cobe Centri 3)
and one type of dialysate recirculation machine (Hospal Before dialysis, blood samples were drawn directly
from the arterial line in heparinized tubes. After termina-Monitral SC) were used to dialyze the patients. The
patients were dialyzed for 3 to 4.5 hours per dialysis tion of the dialysis, the venous needle remained inserted,
and postdialysis blood samples were drawn after flushingsession, and blood flow was set individually at a constant
rate of 200 to 300 ml/min. The angioaccess in a majority of the venous line. Patients with a urine production of
more than 200 ml per 24 hours collected 24-hour urineof the patients was a cimino shunt in the forearm. All
patients were dialyzed using bicarbonate-based dialy- on the day before the modeled dialysis session. Urea
and creatinine concentrations in plasma and urine weresate at a flow of 500 ml/min on low-flux (KUF less than
10 ml/hr · mm Hg) dialyzers with low complement activa- determined on the same day using an autoanalyzer (Ko-
dak Ektachem, Rochester, NY, USA). Predialysis andtion. A diet containing 0.9 to 1.0 g/kg/day of protein was
prescribed to the patients. postdialysis plasma samples were analyzed in one run.
All laboratories took part in a nationwide quality-control
Protocol protocol. The coefficient of variation (CV) of the mea-
surement error of the urea and creatinine analyses wasThe UKM data obtained at baseline of the long-term
prospective study were analyzed to determine the ses- approximately 2%.
Urea output in the dialysate was measured with con-sion-to-session variation of the urea kinetic parameters.
UKM was performed prospectively during three mid- tinuous partial dialysate sampling [16]. For the single-
pass dialysis machines, dialysate was drawn with a modi-week hemodialysis sessions four weeks apart. During
the study period, the hemodialysis prescription had to fied infusion pump set at a constant rate (10 ml/hr) from
a T-tube connected to the outlet of the dialyzer. Theremain unchanged. Dry body weight had to remain stable
within 6 0.5 kg. Patients whose dialysis prescription was pump was started and switched off at the start and termi-
nation of the dialysis procedure. Dialysate flow was mea-changed during the study period were excluded from
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sured by a 30-minute timed collection during zero ultra- interval [1, 16, 18]. The mean of the three UDVDDQ values
available in each patient was used in the PCR calculations.filtration (AK10) or was set at 500 ml/min (AK100 and
Centri 3). Total dialysate volume was calculated by mul-
Determination of dietary protein and energy intaketiplying the dialysate flow by duration of the dialysate
The patients were carefully instructed by a trainedcollection. The modified infusion pump was connected
dietitian to record their total oral intake in a dietaryto the same electrical circuit controlling the dialysate
diary during seven consecutive days using householdpump of the AK10 dialysis machine, so dialysate was
measures. The patients were instructed to take the mea-only sampled during dialysate flow. For the AK100, the
sures of daily used utensils before they started recording.by-pass time, as displayed on the dialysis monitor, was
After one day of recording, the diary was checked by asubtracted from the dialysate collection time before cal-
24-hour recall, and instructions were repeated if neces-culating total dialysate volume. The Monitral SC ma-
sary. The recorded intake was analyzed by two dietitianschines were adapted for dialysate collection as described
using a nutritional database (BECEL EXTRA, version 5,previously (abstract; De Bruyne et al, Nephrol Dial
1995, Unilever Research Laboratorium, Vlardingen, TheTransplant 8:275, 1992). Recirculated dialysate in these
Netherlands). The dietitians contacted the patients if themachines was transferred every two minutes and re-
food records were not totally clear. DPI and DEI wereplaced by fresh dialysate. During every transfer, a fixed
calculated for separate days, for dialysis and nondialysisvolume dialysate sample was collected, and the total
days, and for the whole week.number of transfers was recorded. The transfer volume
was carefully measured before the study and was not
Analysis of variation and determination of the numberchanged during the study. Total dialysate volume was
of measurementscalculated by multiplying the number of transfers by the
To determine the session-to-session variation in thetransfer volume. At the end of the dialysis session, the
repeated measurements of the UKM variables and thecollected dialysate was thoroughly mixed, and dialysate
day-to-day variation in dietary intake, the within-subjectsamples were stored at 2208C. The urea concentration
coefficient of variation [CV; CV 5 (sd/mean) 3 100%]in dialysate was measured with the same methods that
was calculated from the available measurements. Thewere used for measuring the urea concentration in
median, 90th percentile (P90), and ranges of the CVplasma. Because these methods were not calibrated for
values were determined to serve as the indicator of thedialysate, we prepared calibration mixtures of urea in
variation in the repeated measurements that existed indialysate covering a range of 3.0 to 8.0 mmol/liter. The
our group of hemodialysis patients.calibration lines were linear in the applied methods (r 2 .
The CV values were used to determine how many0.99). Patient dialysate samples were analyzed in dupli-
repeated measurements should be averaged to estimatecate in one run with the calibration mixtures.
the true value of the UKM or dietary parameter. This
Calculation of urea kinetic parameters number of measurements depends on both the within-
subject variation of the variable in question and the de-Mathematical details are given in Appendix A. The
gree of precision that is required, according to the follow-dose of delivered dialysis was expressed as urea reduc-
ing formula [14]:tion ratio (URR) and Kt/V, calculated using a recent
equation by Daugirdas [17]. In patients with residual
N 5 1Za3CVwD0 2
2
renal function, urea clearance and creatinine clearance
were calculated from the 24-hour urinary output mea-
surements and the time-averaged concentrations. ClR where N 5 the number of measurements required per
was defined as the mean of the urea and creatinine clear- person and Za 5 the Z score for the percentage of times
ances. The contribution of ClR was added to the dialysis (a) the measured value should be within a specified limit,
Kt/V to arrive at a corrected Kt/V (Kt/VCORR). The time- assuming a standard normal distribution. CVw 5 the
averaged concentration of urea and creatinine was calcu- within-person CV value. D0 5 the level of precision (as
lated using the classic formula. percentage of the true value of the variable).
The distribution volume of urea (UDVDDQ) was deter- We determined the number of repeated measurements
mined using the direct dialysate quantitation method that was required to estimate the individual value of the
from the urea output in the dialysate and the decrease urea kinetic and dietary parameters with a probability of
in urea concentration during the modeled dialysis ses- 95% (a 5 0.95; Za 5 1.96) of being within 610 and 620%
sions. A correction was made for urea appearance and of its true value. The number of replicates that was needed
ultrafiltration during the modeled dialysis session [16]. to achieve the specified degree of precision for that half
The protein catabolic rate (PCR) was calculated from of the population with the least variation was calculated
from the median CV value. By using the P90 of the CVthe urea nitrogen appearance during the interdialytic
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Table 2. Patient values of the urea kinetic and dietary intakeTable 1. Patient characteristics
variables and corresponding coefficient of variation (CV) values
Characteristics N 5 50
CV values %
MeanMale/female 37/13
Age years 57615 values Median P90 Range
Height cm 17468
URR 0.5760.049 2.4 5.5 0.3–9.5Body weight kg 71.5610.4
Kt/V 0.9860.13 4.0 8.6 0.6–11.6Dialyzer blood flow ml/min 245636
Kt/VCORR 1.0360.15 4.0 7.9 0.6–13.2Dialysis time min 227625
UDVDDQ titer 32.865.7 4.9 11.5 0.3–25.7Anuric/non-anuric patients 37/13
TACU mmol /liter 18.362.8 10.6 17.3 0.5–21.5ClR in non-anuric patients ml/min 2.261.2 PCR g/day 59614 9.3 17.5 0.8–28.5
ClR is residual renal clearance. DPI g/day 63612 17.3 26.8 8.4–64.0
DEI kcal /day 18416382 12.9 22.2 5.0–33.0
P90 is 90th percentile. Other abbreviations are in Appendix B.
values in the calculation, the number of replicates was
determined in 90% of the population, omitting only the
10% with the greatest variation. analysis, which was approximately 2% in our study. The
Kt/V was determined mainly by the logarithmic predial-
Statistical analysis ysis and postdialysis urea ratio, but also by the dialysis
Data are presented as mean 6 sd, unless stated other- duration and the ultrafiltration volume and postdialysis
wise. The average of the three available measurements body weight. In our patient group, the logarithmic predi-
in each patient was used to calculate the mean values of alysis and postdialysis urea ratio contributed approxi-
the studied parameters of the total patient group. The mately 86% to the Kt/V and the dialysis duration approx-
paired Wilcoxon test was used for comparison of CV imately 8%. The ultrafiltration volume contributed the
values within patients, and a Kruskal–Wallis one-way remaining 6% of the total Kt/V. The variation in dialysis
analysis of variance was used for comparison of CV val- duration was very small (median CV, 0.8%; P90 CV, 2.3%),
ues between patients. DPI and DEI on dialysis days were as was that in postdialysis body weight (median CV,
compared with that on nondialysis days using the paired 0.5%; P90 CV, 1.4%). The variation in the ultrafiltra-
Wilcoxon test. Correlation was analyzed using the Pear- tion volume was considerably larger (median CV, 20.9%;
son’s correlation coefficient. P90 CV, 62.5%). Of the total variation in Kt/V, 43%
12% 3 0.864.0% 3 100%2 could be attributed to the variationRESULTS
in the laboratory urea analysis. Variation in dialysis dura-Of the 62 included patients, 12 were excluded from
the final analysis. In 10 patients, the dialysis prescription tion was responsible for only 2% 10.8% 3 0.084.0% 3 100%2.was changed during the study: In four patients, the blood
Variation in ultrafiltration volume and postdialysis bodyflow rate was increased, and in two patients, dialysis dura-
weight was responsible for 32% of the variation in Kt/V.tion was increased because of a low Kt/V. In four pa-
In this way, approximately 79% of the variation in Kt/Vtients, angioaccess was changed to a subclavian catheter
could be explained.because of shunt problems. In two patients, only two
The variation in ClR measurements in the patientsdialysis sessions were available. The characteristics of
with residual renal function was substantial (median CV,the 50 patients who were analyzed are listed in Table 1.
13.2%; P90 CV, 33.9%). The variation tended to corre-The mean values of the studied urea kinetic and di-
late negatively with the degree of residual renal functionetary intake parameters and corresponding CV values of
(r 5 20.49, P 5 0.09), indicating that the largest variationthe patients are given in Table 2. Session-to-session varia-
can be expected in patients with a low degree of residualtion in the urea kinetic parameters that quantitate the
renal function and vice versa.amount of delivered dialysis was smallest in the URR.
The variation in the UDVDDQ was substantial, althoughThe variation in Kt/V measurements was somewhat
the prescribed dry body weight did not change, and thelarger. The CV values of Kt/V and Kt/VCORR were about
variation in postdialysis body weight was small. The vari-the same, and the variation in Kt/VCORR was not different
ation did not differ between the four types of dialysisbetween patients with and without ClR. We calculated the
machines used in the study.relative contribution of the different sources of variation
The variation in the time averaged concentration ofthat determine the total variation of URR and Kt/V. The
urea (TACU) and PCR measurements was in the sameURR is determined only by the predialysis to postdialysis
order of magnitude and correlated significantly (r 5 0.48,urea concentration ratio. Approximately 83% of the to-
P , 0.001). The session-to-session variation in all mea-tal variation in URR (median CV, 2.4%) could be attrib-
uted to the variation in the laboratory urea concentration sured urea kinetic parameters was neither related to
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Fig. 1. Correlation between protein catabolic
rate (PCR) and daily protein intake (DPI). No
correlation was found between the PCR values
calculated from the second dialysis session and
the DPI values during the day following that
dialysis session (A; N 5 43, r 5 0.26, P 5 NS).
However, the mean of the three PCR values
and DPI averaged over seven consecutive days
correlated significantly (B; N 5 43, r 5 0.56,
P , 0.001).
Table 3. Number of measurements required for 95% probabilitythe mean absolute values of the parameters nor to the
that the average of the observed values is within
characteristics or dialysis prescription of the patients. 610% or 620% of the true mean value
No center effect was observed in the variability of the
For 50% of For 90% ofmeasured UKM parameters. the patients the patients
Degree ofFrom 43 out of the 50 patients, a complete food record
precision 10% 20% 10% 20%
was obtained. Three patients refused to record their food
URR 1 1 2 1intake, and in four patients, the food records were incom- Kt/V 1 1 3 1
plete. The DPI and DEI values on dialysis days (64 6 Kt/VCORR 1 1 3 1
UDVDDQ 1 1 6 215 g/day, 1851 6 455 kcal/day) were not different from
TACu 5 2 12 3those on nondialysis days (62 6 12 g/day, 1820 6 358 PCR 4 1 12 3
kcal/day). The day-to-day variation in DPI was larger DPI 12 3 28 7
DEI 7 2 19 5than that in DEI (P , 0.001; Table 2). The CV values
Abbreviations are in Appendix B.of DPI and DEI correlated significantly (r 5 0.54, P ,
0.001), as did the mean DPI and DEI values calculated
over the whole week (r 5 0.76, P , 0.001). The mean
of the three PCR values and DPI averaged over the
to estimate the DPI reliably within 6 20%. From a singlewhole week correlated significantly (r 5 0.56, P , 0.001),
food recording day, DPI could be estimated with a preci-but no correlation was observed between a single PCR
sion of 20% in only 9% of the patients (Fig. 2). Tovalue calculated from the second modeled dialysis ses-
estimate the DEI from food records with a precision ofsion and the DPI determined on the day following this
20%, at least five recording days were required. Onedialysis session (r 5 0.25, P 5 NS; Fig. 1). There was no
recording day was sufficient to estimate DEI with a preci-correlation between the CV values of the DPI and the
sion of 20% in only 19% of the patients.
PCR measurements.
The session-to-session variation determines the num-
DISCUSSIONber of measurements that is needed to estimate the true
mean value of a parameter of interest in a particular The outcome of patients on hemodialysis depends on
patient (Table 3). Estimation of URR and Kt/V in 90% the adequacy of the dialysis treatment assessed with
of the patients within 610% of the true value required UKM [1–5]. Results from UKM are therefore used to
two and three modeled dialysis sessions, respectively. decide whether the dialysis prescription should be ad-
URR, Kt/V, and UDVDDQ could be estimated with a justed in a particular patient. In this study, we studied
precision of 10% from a single measurement in 86, 66, the session-to-session variation of commonly used UKM
and 54% of the patients, respectively (Fig. 2). To esti- parameters and the day-to-day variation in dietary intake
mate the PCR in 90% of the patients at the 10% level, an in order to determine how many measurements should
average of eight measurements was required. However, be averaged to make meaningful decisions.
three PCR measurements were sufficient at the 20% Both URR and Kt/V have been shown to predict pa-
level. From a single measurement, PCR could be esti- tient outcome in three-times weekly dialyzed hemodialy-
mated in only 28% of the patients, with a precision of sis patients [2]. Therefore, these parameters are widely
10% and in 54% of the patients with a precision of 20% used to quantitate the dose of dialysis. Although we took
great care that the prescription was the same in all three(Fig. 2). At least seven food recording days were required
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Fig. 2. Number of measurements required to estimate the urea reduction ratio (URR), dialysis dose (Kt/V), protein catabolic rate (PCR), and
daily protein intake (DPI). The number of measurements required for the cumulative percentage of patients that the sample average is within
10% (solid line) or 20% (dashed line) of the true individual mean with a probability of 95%.
modeled dialysis sessions, we observed some session-to- variation in Kt/V in this study (mean CV, 4.5 6 2.9%)
was somewhat smaller than the variation in Kt/V calcu-session variation in URR and Kt/V. Approximately 83%
of the variation in URR and 79% of the variation Kt/V lated from 60-minute–equilibrated postdialysis blood
samples using the Daugirdas formula in eight adult pa-could be explained. We showed that the laboratory urea
concentration analysis was responsible for most of the tients on high-flux hemodialysis (mean CV, 5.8 6 2.8%)
[11]. We cannot exclude that the somewhat smaller varia-variation in URR. Because the Kt/V is also mainly deter-
mined by the predialysis to postdialysis urea ratio, the tion in Kt/V observed in our study is partly related to
the relatively low blood flow rate (245 6 36 ml/min)variation in laboratory urea analysis had a major impact
on the variation in Kt/V. The relative large variation in compared with the latter study (320 6 42 ml/min). On
the other hand, we did not find a correlation betweenultrafiltration volume was also responsible for a large
part of the total variation in Kt/V. The contribution of the degree of variation in Kt/V and blood flow rate. Buur
et al observed larger session-to-session variations inthe variation in dialysis duration was negligible. The
remaining part of the variation in URR and Kt/V may adults (mean CV, 8.3 6 4.6%) and children (mean CV,
11 6 3%) [8, 10]. In the latter studies, postdialysis bloodbe attributed to variations in urea clearance. The urea
clearance may have varied because of small variations samples were drawn only two to five minutes after the
termination of the dialysis session, which may contributein the dialyzer blood flow rate, as actual flow output of
the blood pump of a dialysis machine can differ some- to the variation because the rate of change of the urea
concentration caused by rebound is at its near maximum.what from the displayed value. Possibly, stroke volume
may have varied to a small extent because of variations Separating the different sources of variation that contrib-
ute to the total variation of URR and Kt/V clearly showsin inlet and outlet pressures. Another explanation may
be small variations in postdialysis urea rebound. The that the measurement error of the laboratory urea analy-
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sis is the largest source of variation in the session-to- was always calculated at the same moment in the week,
whereas DPI was measured during every day of the week.session variation in URR and Kt/V, provided that the
Another explanation may be that PCR reflects habitualdialysis prescription is unchanged [9].
protein intake over a longer period of time and shows noThe session-to-session variation in ClR in the patients
relationship with short-term changes in protein intake.with residual renal function was substantial (mean CV,
To our knowledge, this is the first study that has quanti-25.4%) but lower than that reported in patients on peri-
tated the degree of variation in dietary intake in hemodi-toneal dialysis (mean CV, 35.4%) [12]. This variation is
alysis patients. The variation in DPI (median CV, 17.3%)probably mainly caused by sampling errors of the 24-
and DEI (median CV, 12.9%) observed in this studyhour voided urine, but it cannot be excluded that varia-
appears to be somewhat smaller than that observed intion in renal function also contributed. We added one
the healthy population. These studies report CV valuesthird of the weekly Kt/V calculated from the ClR to
of DPI between 27 and 33% and CV values of DEIthe dialysis Kt/V to account for the contribution of the
between 19 and 27% [14, 15, 21]. Whether the observedresidual renal function to the dialysis dose (equation 2).
large day-to-day variations in DPI and DEI reflect trueIn the patients with residual renal function, the contribu-
variations in dietary intake or are caused by incompletetion of ClR to the Kt/VCORR was 16.7 6 8.7%. Although or inaccurate recording cannot be determined with cer-
it is disputable whether or not it is allowed to add the tainty. All patients recorded their dietary intakes volun-
contribution of ClR to the dialysis Kt/V in this manner, tarily, and all dietary diaries were checked before the
it is a convenient way to take the ClR contribution into calculation of the dietary intake. Interestingly, it appears
account. that the dialysis procedure does not affect the food intake
The largest variation in ClR was observed in the pa- in these dialysis patients because the DPI and DEI on
tients with the lowest ClR. Because a low residual renal dialysis days were not different from that on nondialysis
function contributes only little to Kt/VCORR, the relatively days. Thus, although all patients were prescribed a rela-
larger variation in the ClR measurements does not con- tively strict diet, day-to-day variation in dietary intake
tribute significantly to the total variation in Kt/VCORR. was considerable in hemodialysis patients.
This is probably the main reason that the variation in Because we were not able to predict patients with a
Kt/VCORR did not differ between patients with and with- low or high variation in UKM and dietary parameters
out residual renal function and that the variation in Kt/ beforehand, we used the P90 of the CV values to deter-
VCORR did not correlate with the variation in ClR. mine the required number of measurements that should
We observed a substantial variation in the measure- be performed to obtain a reliable estimate of the parame-
ters of interest. A level of precision of 10% was used toment of UDVDDQ. The body weight of the patients did not
determine the number of modeled sessions that werechange, and probably no changes in body composition
required in the assessment of URR and Kt/V. We choseoccurred during the relatively short study period. We
this level of precision because a recent study showed thattherefore think that the variation in calculated UDVDDQ
difference in mortality was associated with differences inis caused by the accumulation of measurement errors in
URR and Kt/V of 5% and 0.1, respectively [2], corre-the different determinants of UDVDDQ. Particularly,
sponding to approximately 10% of typical Kt/V andsmall measurement errors in the dialysate urea analysis
URR values. At this level of precision, the average ofwill have a large impact on the total variation of UDVDDQ.
two measurements was required to assess URR reliably,The same degree of variation was observed in other
whereas three measurements were needed for the esti-studies that used dialysate quantitation to determine
mation of the Kt/V (Table 3).UDV in hemodialysis patient (mean CV, 3.5 to 5.3%)
What is the implication of these observations for clini-[11, 19, 20].
cal practice? For stable hemodialysis patients, we thinkTACU and PCR showed the largest session-to-session it is justifiable to assess the dialysis dose routinely everyvariation (mean CV, 10.7 6 5.1% and 10.3 6 6.4%) of
two to three months because the observed variation over
the measured UKM parameters. This variation is compa- eight weeks was relatively small. Each assessment should
rable to that reported in the literature for normalized be based on at least two to three typical dialysis sessions
PCR in 12 hemodialysis patients over a five-week period modeled over a short time period, and clinical decisions
(mean CV, 7.8 6 4.8%) [10]. We think that the variation should be based on the averaged URR or Kt/V values.
in PCR may be explained by changes in dietary intake Most clinicians assess the dose of dialysis once every
over time. However, we did not observe a relationship month and base their decisions on only single measure-
between the long-term variation in PCR and the day- ments of the dialysis dose, as it is recommended by the
to-day variation in DPI. The lack of a relationship may NKF-DOQI guidelines [12]. We, however, think that clini-
be explained by the difference in timing. The PCR mea- cal decisions made on a single dialysis dose measurement
surements were performed four weeks apart, whereas are not justified. We fully agree with the NKF-DOQI
DPI was measured during seven consecutive days, which guidelines that the dose of dialysis should be measured
more frequently in unstable patients and in patients whosewas halfway through the study period. In addition, PCR
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dialysis prescription is modified. One might argue that practice of basing clinical decisions on single determina-
the lesser variability of URR compared with Kt/V could tions of Kt/V and PCR is therefore unjustified and should
be a reason to prefer URR to express the dose of dialysis, be abandoned. Adjustments in the dialysis prescription
as no convincing evidence is present in the literature should be based on repeated adequacy measurements
that Kt/V correlates better than URR with outcome. performed on a short-term basis. The day-to-day varia-
An accurate value of UDV is essential for a reliable tion in DPI and DEI is considerable in hemodialysis
assessment the PCR in a particular patient. Because of patients, despite a relatively strict prescribed diet. Conse-
the variation in UDVDDQ, the average of at least six mea- quently, dietary intake should be recorded for at least
surements was needed to estimate the UDV within 610% one week to assess protein and energy intake.
of its true value. Because assessment of UDV using dialy-
sate sampling is rather cumbersome, fewer UDV mea- ACKNOWLEDGMENTS
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and patient outcome [1, 5]. In the National Cooperative
Dialysis Study (NCDS), it was shown that the morbidity
APPENDIX Aand mortality risk was high with protein intake less than
0.8 g/kg/day, and that this risk was minimal with protein Calculations of the urea kinetic parameters
intake above 1.1 g/kg/day [1]. In another study, Acchi- The Kt/V was calculated with the equation by Daugirdas [17]:
ardo et al reported that the morbidity and mortality rate
Kt/V 5 2ln1U2U1 2 0.008 3 (TD/60)2 1 14 2 3.5 3
U2
U1
2 3 (W1 2 W2)W2in patients with a normalized PCR below 0.63 g/kg/daywas higher than in patients with a normalized PCR above
(Eq. 1)
0.93 g/kg/day [5]. Because in these studies the PCR val-
The contribution of residual renal clearance on the dialysis Kt/V wasues associated with a high morbidity and mortality rate added to arrive at a corrected Kt/V by:
were 20 to 30% lower than the PCR values that were
associated with a low failure rate, we arbitrarily used a
Kt/VCORR 5 Kt/V 1
1ClR 3 10.08UDVWAT 2
3
(Eq. 2)level of precision of 20%. At this level of precision, at
least three PCR measurements or a dietary diary with
The urea reduction rate (URR) was defined as:
at least seven recording days were required to estimate
protein and energy intake. The impact of averaging mul- URR 5 (U1 2 U2)
U1
3 100% (Eq. 3)
tiple dietary measurements was also illustrated by the
The time-averaged concentration (TAC) of urea was calculated ac-lack of correlation between a single PCR value and one
cording to:
DPI measurement, whereas the mean of three PCR val-
ues correlated significantly with DPI averaged over the TACU 5
TD 3 (U1 1 U2) 1 TID 3 (U2 1 U3)
2 3 (TD 1 TID)
(Eq. 4)
whole week (Fig. 1). Thus, to assess habitual protein
For the TAC of creatinine the corresponding creatinine concentrationsintake in an individual patient, the averaged value of
were used in the equation.
multiple measurements is essential, and a single mea- The renal urea (ClU) and creatinine (ClC) clearance were calculated
surement is clearly insufficient. as:
In conclusion, the session-to-session variation in the
ClU 5
(VU 3 UU)
TACU
3 0.6944 (Eq. 5)dose of dialysis was relatively small in the majority of
hemodialysis patients. Nevertheless, the averaged value
ClC 5
(VU 3 CU)
TACC
3 694.4 (Eq. 6)of at least two to three carefully modeled dialysis sessions
was required to assess the URR or Kt/V reliably. The and residual renal clearance as:
variation in PCR measurements was much larger, proba-
ClR 5
(CLU 1 CLC)
2
(Eq. 7)bly because of day-to-day variations in protein intake.
However, meaningful decisions can be made on the aver- UDV was determined kinetically with direct dialysis quantification
using the equation proposed by Stegeman et al [16]:aged value of three PCR measurements. The common
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TD3(W32W2)3U3
TID
2
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2000
2(W12W2)3U1
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